nous from exogenous respiration. In the current work, the time course of oxidation and its response to aerobic and anaerobic conditions, inhibitors, and uncouplers was followed in four bacterial species totally labeled with "C.
Escherichia coli (Gratia), Aerobacter aerogenes (UW,), Bacillus cereus (USDA), and Rhizobium leguminosarum (128 C 53) were cultured in an extract from wheat plants grown from seed for 2 weeks in an atmosphere containing "CO2. All organic constituents of the cells were labeled with 'IC, as the labeled wheat extract was their sole source of carbon.
Oxygen uptake was measured manometrically. The exogenous substrate was tipped from the side arm after 10 min of equilibration. CO2 was trapped in the center well in ethanolamineethylene glycol (1:2, v/v) . At the termination of the experiment, this solution was transferred to a vial for liquid scintillation counting, and tolueneethylene glycol monomethyl ether (10:7, v/v) plus 5.5 g of 2,5-diphenyloxazole per liter was added (H. Jeffay and J. Alvarez, Anal. Chem. 33:612, 1961) . Nitrogen was determined with Nessler's reagent and carbohydrate by the method of W. E. Trevelyan and J. S. Harrison (Biochem. J. 50:298, 1952) .
The results of typical experiments of 1-hr duration for each organism studied are given in Table 1 . Both E. coli and A. aerogenes had low endogenous respiration rates compared with their respiration rates in the presence of added glucose, and the glucose enhanced the endogenous respiration of these organisms (Clifton also observed this; J. Bacteriol. 85:1371 Bacteriol. 85: , 1963 The time course of respiration and "CO2 evolution is illustrated in Fig. 1 . Glucose enhanced 02 uptake throughout the experiment, whereas the increased endogenous CO2 production induced by adding glucose to E. coli and A. aerogenes was immediate but of short duration. The time course of the response of B. cereus was the opposite; i.e., the suppression of endogenous CO2 production by added glucose was appreciable only after incubation for 1 hr or more. This suggests that unlabeled glucose was being assimilated into the B. cereus cells and that this diluted the "IC-labeled endogenous substrates.
Ammonia was liberated into the medium during the endogenous respiration of all four organisms. In the presence of added glucose, E. coli, A. aerogenes, and B. cereus reincorporated the ammonia liberated, but R. leguminosarum did not.
Modification of endogenous respiration imposed by an exogenous substrate depends upon the condition of the bacteria when harvested. E. coli and A. aerogenes had a lower endogenous Qo2(N) and showed less enhancement of endogenous respiration by glucose if harvested during exponential growth rather than after reaching the stationary phase. The carbohydrate of E. coli decreased during endogenous respiration, whereas it increased (and its specific radioactivity decreased) in the presence of added glucose; evidently, there was an active oxidative assimilation.
Comparisons of aerobic and anaerobic metabolism are summarized in Table 2 . Glucose decreased the anaerobic production of "CO2 by E. coli by 80% and increased the aerobic production by 50%. In the absence of glucose, E. coli usually produced about 70% as much "CO2 anaerobically as aerobically. B. cereus produced little CO2 anaerobically.
Although the Qo,(N) on glucose was reduced by cyanide in all organisms, the endogenous production of '4CO2 was affected little by cyanide added to A. aerogenes or E. coli (Table 3) . It was reduced to half in B. cereus. When the concentration of cyanide (5 X 10-4 M) is high enough Tables 1 and 2 . Cyanide or 2,4-DNP was mixed with the cell suspensions inside the main compartment of the Warburg flasks prior to the addition of glucose (final concentration always 0.01 M). The incubation of B. cereus was for 2 hr, and the data were calculated for a 1-hr period. bE = endogenous; G = glucose.
in endogenous respiration, and it was enhanced by glucose between pH 6.5 and 7.5. The enhancement of endogenous respiration is about the same for all glucose concentrations above 0.001 M (Table 4) . Apparently, the respiration of E. coli and A. aerogenes is under a control mechanism which normally conserves the limited supply of endogenous substrates. When substrate is added, the control is released and both the exogenous and and endogenous substrates are oxidized rapidly. The control of endogenous oxidation was reimposed after about 1 hr under our experimental conditions. B. cereus and R. leguminosarum J. BACTERIOL. exhibit the opposite control response; exogenous substrate partially suppresses their oxidation of endogenous substrates.
